INTRODUCTION
Hangman's fracture increases in these days due to growing rates of motor vehicle accidents. Biomechanical studies have shown that the stability of C2-C3 pedicle screw fixation is superior to other internal fixations [1] . However the conventional open approach will strip large amount of muscles and ligaments, resulting in severe postoperative neck pain.
Minimally invasive screw fixation is performed via a muscle dilating approach and significantly decreases iatrogenic soft-tissue injury. But small operating corridor used in minimally invasive surgery (MIS) makes instrumentation placement more difficult and increases the risk of instrumentation-related complications. The advent of intraoperative three-dimensional fluoroscopy-based navigation (ITFN) system permits safe and accurate instrumentation of cervical spine with the advantage of obtaining intraoperative real-time images and automatic registration [2] . However, few studies are available on its use in Hangman's fracture, not to mention its combination with MIS technique [3, 4] . In this study, we compare two navigation methods treating Hangman's fracture to evaluate the accuracy and feasibility of MIS techniques incorporating with ITFN. showed on preoperative CT images, and decompression required even after traction.
MATERIALS AND METHODS

From
Surgical technique
The patient was positioned prone with his head fixed by a Mayfield frame. The fluoroscopy was used to confirm appropriate reduction. The motorized C-arm acquired the three-dimensional images first and transferred them to the navigation workstation. Under the guidance of navigation, the entry points of the C2 and C3 pedicle screws on the skin were identified (Figure 1) . A longitudinal incision was made between the two. With the use of standard muscle splitting dissection and sequential dilation techniques, an expandable tubular retractor could then be positioned. Guided by the navigation, the screw entry points were identified and the trajectories of C2 and C3 pedicle screws were tapped. The C2/3 articular surface was decorticated using a registered high-speed drill. Then, suitable pedicle screws were placed and so was the rod (Figure 2 ). The procedure was repeated on the contralateral side. Finally the motorized C-arm acquired the three-dimensional images again to verify the accuracy of screw placement.
Operative time, blood loss and postoperative neurovascular complications were recorded.
The accuracy of screw positions was studied by postoperative CT scan, using a modified classification of Gertzbein and Robbins. All patients were followed up for at least 6 months with VAS scores evaluated and serial radiographs were performed to ascertain the fusion status. 
RESULTS
The
DISCUSSION
Because the axes of the cervical pedicles to the sagittal midline plane vary between 25 °a nd 60° [5] , which makes a wide exposure of the spine necessary and may result in significant postoperative pain [6] , muscle-sparing MIS approaches are well-suited for the surgery in this region. But one major problem of these techniques is the absence of anatomical landmarks, which reduces the information available to the surgeon. Virtual fluoroscopy, which can be used for guidance of percutaneous spinal screw placement, yields only two-dimensional information and does not offer the reconstructed axial anatomic views that can be so useful for precise screw placement [7] . The introduction of conventional CTbased navigation has been shown to improve the accuracy and safety of upper cervical instrumentation procedures [8] . 
